P ercutaneous coronary intervention (PCI) for acute myocardial infarction reduces the rates of death and recurrent ischemia as compared with medical therapy. [1] [2] [3] In current clinical practice, both drug-eluting and bare-metal stents are commonly used. However, the randomized trials supporting the approval of drug-eluting stents excluded patients with acute myocardial infarction. 4, 5 Randomized studies comparing drug-eluting stents with bare-metal stents in patients with myocardial infarction have been relatively small (300 to 700 patients per study) and have had limited periods of follow-up (typically 1 year or less). [6] [7] [8] [9] [10] [11] In these trials, drugeluting stents reduced the need for repeat revascularization procedures to treat restenosis as compared with bare-metal stents, but there were no significant differences between the two types of stents in the rates of death or subsequent myocardial infarction at 1 year.
Observational studies comparing drug-eluting and bare-metal stents in patients with acute myocardial infarction have had conflicting results. 12, 13 One study suggested that among patients surviving myocardial infarction with ST-segment elevation, the mortality rate between 6 months and 2 years in those treated with drug-eluting stents was more than twice that in those treated with bare-metal stents. 14 We conducted a study on an unselected, population-based cohort of patients presenting with myocardial infarction who were treated with either drug-eluting or bare-metal stents. We sought to determine whether higher rates of death and recurrent myocardial infarction could be attributed to the use of drug-eluting stents rather than bare-metal stents among all patients, and specifically among those with and those without ST-segment elevation. Because the type of stent used was not randomly assigned, we used propensity-score matching to minimize bias.
Me thods

Study Population
In 2002, the Massachusetts Department of Public Health established a requirement that all Massachusetts hospitals that provide interventional cardiology services collect data on all PCI procedures. These data are prospectively collected by trained hospital personnel with the use of the National Cardiovascular Data Registry data-collection instrument (www.accncdr.com/WebNCDR/Common) of the American College of Cardiology. The data are then submitted electronically to the Massachusetts Data Analysis Center at Harvard Medical School, where they are audited, adjudicated by a committee of interventionalists, and verified with the use of internal and external procedures. 15 The Massachusetts Data Analysis Center also maintains a similar state-mandated cardiac-surgery database.
We performed our analysis with the use of the Massachusetts Data Analysis Center database. The study was designed and conducted by the authors and funded by the Massachusetts Department of Public Health. Dr. Normand vouches for the integrity, accuracy, and completeness of the data and the analyses. The study was approved by the Committee on Human Studies at Harvard Medical School.
Analysis Cohort
We identified all adults (18 years of age or older) undergoing PCI with stenting for acute myocardial infarction between April 1, 2003, and September 30, 2004 , at all acute care, nonfederal hospitals in Massachusetts. To preclude incomplete ascertainment of subsequent adverse events, subjects were excluded from this analysis if they were not Massachusetts residents at the time of the procedure or if they could not be linked to hospital-discharge billing records.
Study subjects were assigned to either the drug-eluting-stent group or the bare-metal-stent group according to the stent type used during the index admission. Patients receiving both drugeluting and bare-metal stents during the index admission were excluded from the analysis.
Study Outcomes
The primary outcome was death from any cause within 2 years after the index procedure. In-hospital mortality information at the time of the index procedure was reported directly to the Massachusetts Data Analysis Center by the hospitals. This information was verified with the use of data from the Massachusetts Registry of Vital Records and Statistics, which also provided 2-year mortality data for all study participants at the time of analysis. The Social Security Death Index Interactive Search Web site (http://ssdi.rootsweb.com/ cgi-bin/ssdi.cgi) was used to confirm mortality 
Confounding Variables
We developed a list of potential confounders, including demographic factors, insurance status, medical history, and risk factors of the patient; characteristics of the lesion and the procedure; and medications received by the patients. Because some patients were treated for multiple lesions during their index admission, we created patientspecific, lesion-based variables, including maximum stenosis as a percentage of arterial diameter, any high-risk lesion, and any use of thrombectomy. Because some hospitals in Massachusetts have pilot programs that perform only primary PCI without performing surgery on site, we also included a variable that indicated whether the patient underwent the PCI in a pilot program. Data on the majority of the confounders were obtained from the Massachusetts Data Analysis Center database, and data on two confounders were obtained from hospital-discharge billing data for the index admission.
Statistical Analysis
Because the patients were not randomly assigned to receive drug-eluting stents, we used propensityscore matching to adjust for differences in baseline characteristics. 16 We performed a one-to-one matched analysis without replacement on the basis of the estimated propensity score of each patient. The log odds of the probability that a patient received a drug-eluting stent (the "logit") was modeled as a function of the confounders that we identified and included in our data set. Using the estimated logits, we first randomly selected a patient in the group receiving drug-eluting stents and then matched that patient with the patient in the group receiving bare-metal stents with the closest estimated logit value. Patients in the group receiving bare-metal stents who had an estimated logit within 0.6 SD of the selected patients in the group receiving drug-eluting stents were eligible for matching. We selected 0.6 because this value has been shown to eliminate approximately 90% of the bias in observed confounders. 17 If more than one patient in the group receiving bare-metal stents met this criterion, we randomly selected one patient for matching. We analyzed the data according to three different propensity-score models: one for any myocardial infarction, one for myocardial infarction with ST-segment elevation, and one for myocardial infarction without ST-segment elevation. To assess the success of the matching procedure, we measured standardized differences (measured in percentage points) in observed confounders between the matched groups after matching.
Using the matched pairs, we performed paired t-tests to determine whether rates of death, myocardial infarction, and repeat revascularization differed between recipients of drug-eluting stents and recipients of bare-metal stents. Estimates of the adjusted differences in risks are presented, with 95% confidence intervals. All P values presented are two-sided.
Because matching on the propensity score cannot be expected to balance for unobserved confounders that are independent of observed confounders, we performed several sensitivity analyses. First, we examined differences between the two stent groups in mortality rates 2 days after stent placement. A large difference would indicate residual confounding, because such an early benefit would be unlikely.
Second, the initiation of this study coincided with the introduction of drug-eluting stents in Massachusetts in late April 2003. We observed that the use of drug-eluting stents increased during our observation period (Fig. 1 in the Supplementary Appendix, available with the full text of this article at www.nejm.org) and that the time course of adoption varied according to whether the hospital performed PCI under a pilot program or a nonpilot program. In order to evaluate whether these temporal trends influenced the study results, we reestimated propensity scores that, in addition to our initial set of confounders, included time (measured as days since April 1, 2003) , a quadratic term for time, and an interaction between time and type of hospital program (pilot or nonpilot). We then used these propensity scores to obtain a restricted matched cohort and compare risks after treatment with a drugeluting stent and after treatment with a baremetal stent.
Finally, we performed propensity-matched analyses of two subgroups of patients from the cohort of patients who had a myocardial infarction with ST-segment elevation. One of these subgroups excluded patients treated in hospitals with pilot programs, and the other excluded patients treated more than 24 hours after the onset of symptoms.
R ESULT S
Between April 1, 2003, and September 30, 2004 , there were 21,045 adult patients who underwent PCI with stenting in Massachusetts. Of these, 8440 patients (40%) presented with acute myocardial infarction (Fig. 2 in the Supplementary Appendix). We excluded 576 patients who were not residents of Massachusetts, 167 patients who were not linkable to hospital-discharge data, and 480 patients who were treated with both drugeluting and bare-metal stents. The resulting cohort of 7217 patients underwent stenting by 119 operators at 21 hospitals. Of these patients, 4016 were treated with drug-eluting stents and 3201 were treated with bare-metal stents. Of the patients treated with drug-eluting stents, 71% received sirolimuseluting stents only, 27% received paclitaxel-eluting stents only, and 2% received both types of drugeluting stents. Of the 7217 patients included, 3379 underwent stenting for myocardial infarction with ST-segment elevation and 3838 underwent stenting for myocardial infarction without ST-segment elevation.
Before propensity-score matching, patients treated with drug-eluting stents and those treated with bare-metal stents differed significantly in clinical and procedural characteristics (Tables 1  and 2 without ST-segment elevation were more likely to be treated with drug-eluting stents than with bare-metal stents. Also, the numbers of vessels and lesions treated were higher in patients treated with drug-eluting stents than in those treated with bare-metal stents. In contrast, patients with cardiogenic shock or myocardial infarction with ST-segment elevation, those undergoing emergency procedures, and those with high-risk lesions were more likely to be treated with baremetal stents. The unadjusted rates of death, myocardial infarction, and repeat revascularization at 2 years were significantly lower among patients receiving drug-eluting stents than among those receiving bare-metal stents ( Table 1 in the Supplementary Appendix). Patients treated for myocardial infarction with ST-segment elevation had lower rates of death and myocardial infarction at 2 years than those treated for myocardial infarction without ST-segment elevation, but there was no difference between these two groups in the rate of repeat revascularization.
The propensity-score models included up to 63 variables, depending on the subgroup. The matching of patients presenting with any acute myocardial infarction yielded 2570 patients treated with drug-eluting stents matched with 2570 patients treated with bare-metal stents. The area under the receiver-operating-characteristic curve (AUC) for this model was 0.68. Standardized differences were less than 10% for all matched variables (Tables 2 through 7 in the Supplementary Appendix), a result that supports the assumption of balance between treatment groups 18 in observed confounders. Separate propensity-score matches were performed for patients who had myocardial infarction with ST-segment elevation (1298 matched pairs; AUC, 0.67) and for patients who had myocardial infarction without ST-segment elevation (1228 matched pairs; AUC, 0.66).
After propensity-score matching, we examined each of the study end points (Table 3 and Fig. 1,  2, and 3) . With respect to the primary outcome, drug-eluting stents were associated with significantly lower mortality at 2 years than were baremetal stents in the matched cohort of patients with any myocardial infarction (10.7% vs. 12.8%; risk difference, -2.1%; 95% confidence interval 
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No. at risk Cumulative no. of events Cumulative incidence (%) [CI], -3.8% to -0.4%; P = 0.02). This difference was also significant in the matched cohort of patients who had myocardial infarction with STsegment elevation (8.5% vs. 11.6%; risk difference, -3.1%; 95% CI, -5.4% to -0.8%; P = 0.008) and in the matched cohort of patients who had myocardial infarction without ST-segment elevation (12.8% vs. 15.6%; risk difference, -2.9%; 95% CI, -5.5% to -0.2%; P = 0.04).
After propensity-score matching, there was no significant difference in the rate of reinfarction at 2 years between patients receiving drug-eluting stents and those receiving bare-metal stents (8.8% vs. 10.2%; risk difference, -1.4%; 95% CI, -3.0% to 0.2%; P = 0.09), except for patients who had myocardial infarction without ST-segment elevation (10.3% vs. 13.3%; risk difference, -3.0%; 95% CI, -5.6% to -0.5%; P = 0.02). The rates of repeat target-vessel revascularization at 2 years in the matched cohort of patients with any myocardial infarction were significantly lower among patients receiving drug-eluting stents than among those receiving bare-metal stents (9.6% vs. 14.5%; risk difference, -4.9%; 95% CI, -6.7% to -3.1%; P<0.001). A similar reduction in repeat targetvessel revascularization was evident for both subtypes of myocardial infarction.
Among all patients with myocardial infarction who received stents, the risk-adjusted mortality 2 days after stent placement was 0.7% in the group receiving drug-eluting stents and 1.2% in the group receiving bare-metal stents (risk difference, -0.5%; 95% CI, -1.0% to 0.0%; P = 0.06). The corresponding risk differences were statistically significant for patients who had myocardial infarction with ST-segment elevation (risk difference, -0.9%; P = 0.04) but not for patients who had myocardial infarction without ST-segment elevation (risk difference, -0.3%; P = 0.32) ( Table 8 in the Supplementary Appendix). Adjustment for the length of time after the introduction of drugeluting stents tended to confirm the results of the primary analysis: event rates in the group receiving drug-eluting stents were either similar to or lower than those in the group receiving bare-metal stents ( Fig. 1 and Table 9 in the Supplementary Appendix). After the exclusion of patients who were treated at hospitals without cardiac surgery on site or of patients who presented more than 24 hours after the onset of symptoms, the risk differences for death after myocardial infarction with ST-segment elevation were consistent with the primary findings ( Table 10 in the Supplementary Appendix).
DISCUSSION
Coronary-artery stenting is commonly performed to treat myocardial infarction. Acute coronary syndromes and myocardial infarction (in contrast to stable angina) 19 are the only clinical presentations in which PCI has been shown to reduce the rate of death to a rate lower than that achieved with medical therapy alone. [1] [2] [3] Despite the important role of stenting in patients with myocardial infarction and, in particular, in those who have myocardial infarction with ST-segment elevation, there has been little information regarding the long-term efficacy or safety of drug-eluting stents among these patients.
During the interval evaluated in our study, patients presenting with myocardial infarction accounted for 40% of stent procedures. These patients were split almost evenly between those with and those without ST-segment elevation. The rates of use of drug-eluting and bare-metal stents were nearly equal among all the patients that we studied, but because stent assignment was not random, we used propensity-score matching to adjust for imbalances in the measured characteristics of the patients, procedures, and hospitals in order to compare outcomes associated with the choice of stent.
Although our primary goal was to evaluate whether drug-eluting stents were associated with increased rates of myocardial infarction and death at long-term follow-up, we observed small absolute differences in mortality that favored drug-eluting stents in matched patient cohorts. These observations were consistent for all myocardial infarctions and for both subtypes of myocardial infarction.
Previous studies have reported an association between restenosis and the risk of death or myocardial infarction. 20, 21 A matched, populationbased analysis of patients receiving drug-eluting stents or bare-metal stents (not restricted to patients with myocardial infarction) reported a 
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No. at risk Cumulative no. of events Cumulative incidence (%) similar reduction in 2-year mortality rates. 22 Within the first year of follow-up, drug-eluting stents reduced the need for procedures to treat restenosis. Performing fewer procedures may have resulted in small reductions in the rates of death and myocardial infarction. Some of the observed benefit, however, was apparent within the first 6 months, before the maximum effect of restenosis prevention would be apparent. This result suggests that additional factors, such as the duration of dual antiplatelet therapy, which is known to provide benefit in acute coronary syndromes, might have had a role. 23, 24 We adjusted for use of and contraindications to dual antiplatelet therapy. However, we were unable to adjust for the duration of therapy, which during the study period was probably 1 month for bare-metal stents and 3 to 6 months for drugeluting stents, according to the manufacturers' instructions for use, rather than the 12 months recommended in the United States since 2007. 25 We were also unable to assess and adjust for adherence to this therapy.
We found that among all patients with myocardial infarction, the absolute difference between those receiving drug-eluting stents and those receiving bare-metal stents in the rate of repeat revascularization of the treated vessel was approximately 5%, which was similar in magnitude to the absolute difference observed in populations of patients treated with stents for any indication. 26, 27 In fact, because the absolute rates of repeat revascularization are lower in patients who have had a myocardial infarction than in patients who have not had a myocardial infarction, the relative difference in the rate of repeat revascularization between patients receiving drug-eluting stents and those receiving bare-metal stents was actually larger among patients who had had a myocardial infarction than we have observed among all stent recipients. 26 Our findings should be interpreted in the context of our study design and its limitations. First, it has been postulated that the difference in the biologic response to drug-eluting stents as compared with bare-metal stents may be greater in the presence of a thrombotic occlusion 28 and may lead to a higher risk of stent thrombosis or adverse clinical events with the placement of drug-eluting stents in patients with a thrombotic occlusion. 29 Although no difference in the rates of clinical sequelae of stent thrombosis was present, the rates of stent thrombosis could not be directly ascertained from our data.
Second, our data are observational. We used propensity-score matching to make the patient groups comparable according to the measured confounders, and we successfully eliminated the observed differences. However, residual confounding cannot be excluded. Our analysis of 2-day adjusted mortality rates in patients with ST-segment elevation showed a small but statistically significant difference in event rates between the two stent groups. Such a difference is unlikely to be related to the choice of stent and suggests that some residual confounding is present.
Possible sources of residual bias are differences in use of concomitant medical therapy or completeness of revascularization, if such differences are associated with the choice of stent. In addition, although we adjusted for the presence of cardiogenic shock, we did not have data on infarct size, an important predictor of death in patients with myocardial infarction. Finally, we did not have access to quantitative angiographic findings. This is a potential limitation, because drug-eluting stents were not available in the same range of vessel diameters as bare-metal stents. In particular, small-vessel stenting is known to be associated with higher risks both during the procedure and during follow-up.
Finally, the primary purpose of our analysis was to determine whether there was any harm associated with the use of drug-eluting stents as compared with bare-metal stents in an unselected population of patients with myocardial infarction. The observation of a reduction in mortality rates with drug-eluting stents was unanticipated and merits confirmation in randomized trials. 30 In conclusion, in patients with myocardial infarction treated with stenting, the use of drugeluting stents is associated with reduced rates of death and repeat revascularization at 2 years of follow-up, as compared with the use of baremetal stents. Large, randomized trials with longterm follow-up will be necessary to confirm this observation. 
